The combination of proteins with acids has been studied by Loeb I and others largely by means of hydrogen electrode measurements. The present work constitutes an attempt to apply the method of conductivity titration to the determination of the combining capacity of a protein for acids.
The first work which indicated that the measurement of electrical conductivity could be used in volumetric analysis seems to have been done by Kohlrausch * in 1885, and since then the method has been given in standard text-books. 3 Recently the method has been extensively used by Kolthoff, 4 who has outlined the theory on which it depends. In the neutralization of a weak base by a strong acid, the conductivity at first increases because of the formation of a highly ionized salt, and since at first practically all of the added acid is used up to form the salt, the conductivity increases as a linear function of the amount of acid. As more acid is added, the formation of the salt is no longer complete on account of hydrolysis, and the increase in conductivity becomes faster, due to the presence of the highly mobile hydrogen ion. Finally, after enough acid has been added to combine with all the base and to repress the hydrolysis, the conductivity increases much more rapidly on the addition of further acid, since practically all the added hydrogen ion remains free; and here again the conductivity increases as a linear function of the added acid. The point of neutralization is obtained by plotting the conductivity as a function of the quantity of acid added and extrapolating the two linear portions of the curve until they intersect. The shape of all the curves obtained with gelatin is similar to that of Fig. 1 . Kolthoff* obtained curves of like shape by neutralizing phenol or boric acid with sodium hydroxide, and by neutralizing urotropin (hexamethylenetetramine) with hydrochloric acid. He thus showed that the method was applicable to the neutralization of a weak acid or base with a strong base or acid.
In applying the method to the neutralization of a protein it is necessary to consider the fact that proteins are amphoteric electrolytes. In some preliminary experiments in which gelatin solutions were first treated with sodium hydroxide and the resulting solutions titrated with hydrochloric acid, it was found that the slope of the conductivity curve exhibited practically no change at the isoelectric point. Therefore if the original gelatin solution is not at the isoelectric point it is necessary to make a correction for this in calculating the combining capacity of gelatin for acid.
The following experimental procedure was adopted. A measured volume of a solution containing a known weight of gelatin was placed in the conductivity cell, in a water bath at 33°C. ± 0.02 °. The cell used was of the Freas type, holding about 130 cc. Its cell constantwas not determined, since only relative conductivities were needed for this work. The conductivity was measured in the usual way with a Kohlrausch bridge and resistance box, using a small induction coil and a telephone. Standard acid was added in small amounts from a calibrated 10 cc. or 2 cc. burette, and after each addition the conductivity was measured. The results were plotted as in Fig. 1 , the abscissae being cc. of acid and the ordinates being proportional to the specific conductivities. From the intersection of the two straight lines the end-point was obtained. The pH was measured of a separate sample of each original gelatin solution, using hydrogen electrodes at 33 ° with a saturated KC1 junction, taking as a standard the value 1.037 for the pH of M/10 HC1. The values for the end-point were corrected to correspond with an initial pH of 4.70 by adding or sub- Table I . Experiment 4 is represented also in Fig. 1 , which is typical of all the curves obtained. The end-points in Table I were obtained from curves plotted on a much larger scale than Fig. 1 . The ordinates of Fig. 1 are 1 ,000 times the conductivities in reciprocal ohms obtained with the particular cell used. In order to determine whether this method of determining the endpoint was affected by the change in volume due to the addition of the reagent, a trial calculation was made with the data of Experiment 8, in which a total of 7.5 cc. of acid was added to 100 cc. of gelatin solution. Assuming as an extreme case that the conductivity was inversely proportional to the volume, and that the quantity measured ttitchcock, D. I., Y. Gen. Physiol., 1921-22, iv, 733. should have been the conductivity at a constant volume of 100 cc., a curve was constructed which indicated an end-point at 4.12 cc., while that obtained by neglecting the volume change was 4.08 cc. Therefore the change in volume could not have caused an error of much over 1 per cent.
While the results in Table I do not all agree within this error, yet the average of the figures for HC1, 8.59, is quite close to the average for H~SO, , 8.56 . Roughly, then, the data indicate that 1 gin. of isoelectric gelatin can combine with a maximum of 8.6 cc. of N/10 HC1 or H,SO4. The figure obtained from hydrogen electrode measurements alone, corrected for an initial pH of 4.70, was 8.9 cc. of N/10 HC1. 6
A better check was obtained in the case of deaminized gelatin. The solution used was that described in a previous paper ;6 its pH was 4.0. A 25 cc. sample, containing 0.742 gm., was titrated with 1.000 N HC1, giving an end-point at 0.323 cc. Therefore 1 gin. was equivalent to 4.35 cc. N/10 HC1, no correction for the isoelectric point being required. The value obtained by the hydrogen electrode method was 4.4 cc.
SUMMARY.
Titrations have been made, by the conductivity method, of gelatin solutions with hydrochloric and sulphuric acids. The results indicate an end-point at about 8.6 cc. of N/10 acid per grn. of gelatin, or a combining weight of about 1,160. These results are in fair agreement with those previously obtained by the hydrogen electrode method. Better agreement between the two methods was found in the case of deaminized gelatin. The data are in accord with a purely chemical conception of the combination between protein and acid. e Hitchcock, D. I., d. Gen. Physiol., 1923-24, vi, 95. 
